The analysis of biospecimens from astronauts reveals considerable important information about their healthcare, but transportation of such samples will become difficult after the retirement of the Space Shuttles. We focused on hair, which is one of the easiest specimens to obtain, store and return, and planned this "Biomedical Analysis of Human Hair Exposed to Long-term Space Flight (Hair)" study. The main objective of the present part is to verify whether changes in mineral metabolism can be detected through analysis of hair shafts from astronauts on the International Space Station. Ground-based studies were performed to establish an optimum methodology for analyzing trace elements (e.g., calcium, sulfur and chlorine) on the cross-sectional surface of a hair shaft. By using Electron Prove Micro Analyzer (EPMA), we could identify the distribution of minerals in human scalp hairs. In another animal study, a centrally distributed concentration of calcium was observed in hairs from the mice exposed to microgravity. In this paper, we will report on the overall research plan and the progress we have made to date.
Introduction
Many environmental stress factors (microgravity, cosmic radiation, isolation and so on) affect astronauts during space flight. For staying healthy, safe and comfortable in space, it is very important to evaluate the influences of environmental stresses on astronauts during space flight and develop medical countermeasures against that. Analysis of biospecimen from astronauts brings us a lot of important information about healthcare, however, the amount of biospecimens or experimental materials that can be carried will be limited following the retirement of the Space Shuttles.
There are two reasons why we consider hair to be one of the finest biospecimens for medical management in space. First of all, it has lower mass and is easy to handle and transport. Second, growing hair sequentially records metabolic conditions in the body, meaning it could be used as a personal medical data recorder.
We suggested "Biomedical Analysis of Human Hair Exposed to Long-term Space Flight" (hereafter, the Hair experiment) to study the effects of long-term exposure on gene expression and mineral metabolism. International Space Station (ISS) crew members who stay onboard for more than 90 days participated in the study. Five hairs are collected in a session, and each session is repeated six times during flight mission as illustrated in Fig. 1 . This paper presents the results of preliminary studies to establish a methodology for trace element analysis.
The method most generally used for trace element analysis for hair shafts is Inductively Coupled Plasma-Mass Spectrometry 1) , but the method requires considerable samples for analysis. When engaging in human research in space, the degree of physical invasiveness and mental stress on astronauts must be minimized. Therefore, we have been targeting a method capable of accurately qualifying and quantifying trace elements in a single hair. In this study we tried to use Electron Probe Micro Analyzer (EPMA), which is suitable for analyzing trace elements, even in small amounts of samples. 
Samples 2.1.1 Human hair
To verify the reliability of the EPMA, we analyzed single hairs and evaluated distributions of trace elements. Sample hairs were collected from a normal healthy volunteer woman aged 30. We picked up a total of 10 hairs from five different locations (top, right and left temporal sites and upper and lower occipital parts of the head).
Mouse hair
We participated in a sample-share program sponsored by Italian Space Agency 2) and obtained three mice samples. One of the mouse had been exposed to microgravity for three months and the others bred as ground controls. Thus three back hairs of the mice were analyzed with EPMA in addition to the human hair.
Analysis
After being fixed straight with acrylic acid resins (Kulzer Corp., Technovit 7100), the hairs were cut cross-sectionally using a microtome (Leica Corp., Leica RM 2145). The cutting points of the human hairs were 2.5, 5.0, 7.5, 10.0, 20.0, 30.0, 50.0 and 70.0 mm from the hair root respectively, and that of the mouse hairs was the border region between the root and shaft. EPMA (CAMECA Corp., SX-100) was applied to the cross-sectional surfaces of the hair samples. Table 1 shows analytical settings and conditions of EPMA. The targeted trace elements for human hair analysis are as follows: ・Calcium (Ca): related bone metabolism agent ・Sulfur (S) : main component of hair structure ・Chlorine (Cl) and potassium (K) : major in vivo electrolytes ・Zinc (Zn) : related agent of taste function 3) ・Iron (Fe) and copper (Cu) : related agents of anemia ・Aluminum (Al) : coating material for food packaging For the mouse samples, we focused only on Ca, which might be influenced by the space environment.
Additionally, the external observation had been done before these analyses by using microscope (KEYENCE Corp., VHX-900). 
Results
Figure 2 illustrates the representative output images of EPMA. Topographic images describing the mineral distribution of each trace element are obtained. In the human study, Ca, S, Cl, Zn and K could be measured with EPMA, but Fe, Cu, and Al were not detected on the cross-sectional surfaces of hair shafts. The existences of K differed according to the sampling location. Ca, S, Zn and K were broadly distributed along the longitudinal axis of the hair shaft, while conversely, Cl had linear distribution. Sequential mapping images of Cl and Ca are shown in Fig. 3 . Figure 4 shows the results of the mouse study. Ca tends to concentrate in the central region of hair shaft obtained from the space-flown mouse.
The microscope images of Fig. 5 were acquired for their external observation. Obviously, there is structural difference between human sample and mouse sample. 
Discussion and Perspectives
EPMA analyzes the composition elements from the wavelength of characteristic X-rays, which are generated by irradiating the electron beam to the object. Levels of the composition element as low as a few ppm can be detected with EPMA. We demonstrated EPMA can be used for composition mineral analysis in the hair shaft.
Trace elements are assumed to be broadly distributed, regardless of hair growth, when the subject maintains a steady metabolic state. We could detect some metabolic abnormalities when the elements are not equally distributed. In fact, loss of bone mineral density in human space flight was reported 4) , so, Ca distribution in hair shaft will become a valuable diagnostic index for astronauts suffering from loss of bone mineral density. The result of the animal study suggests that excreted Ca might be concentrated in the hair shaft during space flight. However, there are structural differences between human hair and mice hair. Therefore, in the case of analysis, it is required to take that into consideration. The reason for the unequal Cl distribution is that the element may possibly be absorbed or washed out easily. Hygiene conditions might be monitored by Cl analysis because sweating and shampooing would affect the distribution of Cl in the hair shaft.
In conclusion, EPMA can be considered a suitable tool for analyzing single hair shaft collected from astronauts. By using EPMA, we will present the results of the Hair experiment in the near future.
